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GaAs Solar Cells Off To 
Meet A Comet 
But Check The Welds First 
by Tom Adams 
Sometime during the summer of the year 2012, a spacecraft named Rosetta will catch up with 
the comet Wirtanen at a rendezvous point some 300,000,000 miles from the sun. Rosetta 
will then travel with the comet for a year of observations and experiments to learn just 
what materials the comet is made of. 
T 
o meet Wirtanen, Rosetta will 
have soared through space for 
more than nine years from its 
January 2003 launch by the European 
Space Agency (ESA). It will be so far 
from the sun that the intensity of 
light will be only about 10% of that 
encountered on Earth. To power  
Rosetta, ESA chose to develop very 
high-efficiency GaAs solar cells. GaAs 
has significant advantages over sili- 
con in this role, part icularly in 
resistance to radiation and to ex- 
tremes of temperature. To success- 
fully achieve its mission, Rosetta must 
first survive its launch and its nearly 
tenth-of-a-century flight. When it 
arrives at the comet, its solar cells 
must generate sufficient power in the 
dim light shining from the distant 
sun .  
A primary concern is the welding 
of the solar cells to their intercon- 
nects. Previous research has shown 
that solar cells, and their welds, do 
quirky things when exposed to dim 
light and very low temperatures. To 
improve the long-term reliability of 
the tiny welds, ESA abandoned pre- 
viously used solder ing methods,  
which tend to crack at very low 
temperatures. Instead they selected 
an ultrasonic welding technique 
which uses a sonotrode to deliver a 
combination of mechanical pressure 
and ultrasonic energy pulses. Work- 
ing at frequencies from 16 to 70 kHz 
to generate both high temperatures 
Rgure 1. Reflection-mode C-SAM acoustic image of 8 welds {each 130 pm x 20 pitt) joining 
GaAs solar cell to one of its four interconnects. Bright spot at the center of each weld marks it as 
a good weld. 
and friction, the sonotrode causes 
fusion between the solar cell and the 
interconnect. 
Research into the success of the 
welding process has been carried out 
at Tecnopolis CSATA Novus Ortus in 
Bari, Italy, by Dr. Giuseppe De Liso and 
his colleagues. Each solar cell (40 x 
0.35 ram) is welded to four small 
interconnects. The area of interest is 
the eight ultrasonic welds (each 
0.13 mm x 0.20 mm) on each inter- 
connect. In addition to optical exam- 
ination and x-ray, the former of which 
occasionally revealed gross defects, the 
team used reflection-mode ultrasound 
to examine the structure of the welds 
nondestructively. 
The investigators wished to know 
what effects the temperature, pres- 
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sure, and duration of the welding 
process might have had on the solar 
cells. They were especially interested 
in any damage to the cells or anoma- 
lies in the weld itself. Both the 
interconnects and the solar cells are 
somewhat transparent acoustically, 
so reflection mode ultrasound could 
be used to obtain images of the weld 
area without resorting to destructive 
techniques. Sonoscan, the US maker 
of acoustic microscopes, has had 
previous exper ience  in imaging 
welds on sil icon solar cells for 
earth-orbit ing satcllites. Sonoscan 
and Tecnopol is  have worked to- 
gether before, and a few years ago 
Sonoscan certified Tecnopolis as an 
affiliated acoustic micro imaging 
laboratory. 
The acoustic micro imaging system 
used at Tecnopolis has a single scan 
head which, as it travels back and 
forth above the weld area, alternately 
transmits very high frequency ultra- 
sound into the sample and receives 
the return echoes. When ultrasound 
is beamed into the sample, it may 
encounter three classes of internal 
features: 
• the bulk of the interconnect and of 
the solar cell, through which ultra- 
sound travels easily 
• the interfaces in the sample, in- 
cluding the top surface and the 
interface between the intercon- 
nect and the solar cell. Some 
ultrasound is reflected back to the 
scan head by interfaces, enabling 
those interfaces to be imaged. Each 
Figure 2. Strong reflection from the weld area in this 100 MHz acoustic image shows that one 
extensive and two smaller delaminations exist in the weld region. 
tiny weld also presents its own 
interface and is imaged 
• any internal defects. Gap-type de- 
fects (delaminations,  disbonds, 
cracks) reflect all of the ultrasound 
back to the scan head, and are 
therefore very strongly imaged 
Reflection-mode acoustic micro 
imaging systems use ultrasonic fre- 
quencies between 10 MHz and 200 
MHz. As the frequency goes up, the 
penetrating ability of ultrasound de- 
creases, but the spatial resolution 
Page191~ IVo19No4 
increases. The 10 MHz frequency, 
for example, is used to ~mage the 
entire thickness of relatively robust 
plastic IC packages, whilst a thinner 
IC package, such as a TSOP, might be 
imaged at 30 MHz. Because of the 
relative thinness of the solar cell 
assembly, De Liso and his colleagues 
were able to use the high acoustic 
frequencies of 50 MHz and 100 MHz. 
The operator of the system usually 
"gates" the return echoes electroni- 
cally to limit internal imaging to a 
specific level or layer within the 
sample. He can do this because the 
return echoes are separated in time; 
by setting his gate properly, the 
operator produces the acoustic im- 
age only from those echoes returning 
from the level of interest. Echoes 
from other levels in the sample are 
ignored. 
The investigating team first imaged 
a reference weld sample (Figure 1) 
which had no defects. The bright 
rectangle is the interconnect; the 
eight dark structures are the welds. 
Each individual weld is very distinct 
and marked by a dark outline (the 
Figure 3. Scanning Optical Microscope of 
the weld area shown in Figure 2. Swelling 
(indicated by ripples) of the gold layer on the 
GaAs crystal has been caused by excessive 
pressure of the sonotrode; in addition, small 
area of the crystal (black spots arrow) have 
been damaged by this pressure. 
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acoustic "edge effect") and a very 
bright centre area. The bright centre 
area indicates positive polarity in this 
region that is, the ultrasound 
traveled from a region of lower 
acoustic velocity (the interconnect) 
to a region of higher acoustic velo- 
city (the weld). 
Figure 2 is the 100 MHz acoustic 
image of a defective weld area. 
Although the locations of the indivi- 
dual welds are vaguely visible, the 
very strong reflection from this area 
indicates one large delamination and 
two smaller delaminations. Note, 
however, that the delaminations do 
not extend beyond the weld area 
proper. 
The same solar cell was subse- 
quently imaged with Scanning Opti- 
cal Microscopy (SOM), using a 
Nd:YAG laser to which GaAs is 
transparent. Although SOM cannot 
image good welds, it can determine 
whether the welding process has 
created a ripple in the gold layer on 
the GaAs, and whether the crystal 
itself has been damaged. The SOM 
image is shown in Figure 3. A distor- 
tion in the gold layer corresponds 
nicely to the acoustic image of the 
delamination shown in Figure 2. In 
addition, small dark areas (arrow) 
show where the same excess sono- 
trode pressure damaged the GaAs 
crystal. 
The 50 MHz acoustic image of a 
different weld area is shown in Figure 
4. No delamination is visible here, but 
the two welds at lower right appear, 
acoustically, to be missing. The two 
welds at lower left are of substandard 
size. To investigate this anomaly, 
Figure 5.The weld area in Figure 4 was sectioned for this 200x optical microscope view. A crack 
(irregular black line) between the interconnect and the solar cell prevented a weld from being 
made in this area; the crack is probably the result of excessive sonotrode pressure. 
researchers sectioned the solar cell 
and interconnect through the lower 
row of welds. The results are shown 
in the 200x optical microscope im- 
age in Figure 5. A crack exists 
between the interconnect and the 
solar cell. Diagnosis: the crack was 
probably caused by improper pres- 
sure of the sonotrode, which pre- 
vented welds from being made in this 
area. 
In characterizing the welding pro- 
cess to be used with the solar cells, 
Dr. De Liso and his group have 
encountered these and other types 
of anomalies. The knowledge they 
are gaining about techniques to weld 
the ceils and their interconnects 
successfully will be put to work 
when the Rosetta spacecraft meets 
the comet Wirtanen. In the history of 
our solar system, comets are very old 
objects, and the information which 
the spacecraft gathers in the dim 
reaches of space will help to answer 
long-standing questions about the 
origins of our solar system and of 
the universe. 
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Figure 4. Acoustic image at 50 MHz of a defective weld area: two of the eight welds are missing, 
and two others (lower left) are very small. 
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